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SYSTEMAND METHOD FOR ADAPTIVE 
SKN TONE DETECTION 

FIELD 

The present disclosure relates to image processing, and, 
more particularly, to a system and method for detecting 
human skin tone in one or more images. 

BACKGROUND 

The detection of human presence in images is useful in a 
variety of applications, such as, for example, video Surveil 
lance, face and gesture recognition, human-computer inter 
action, image/video indexing and retrieval and image editing. 
There are a variety of known approaches for detecting human 
presence in an image, including feature-based, motion-based 
and color-based approaches. Generally, feature-based 
approaches attempt to identify particular regions of a user's 
body, Such as, for example, the face, based on the detection of 
certain features, such as the eyes, the nose and the mouth. 
Motion-based approaches generally operate on the principle 
that a moving region in an image is likely to be a region of the 
user's body. Color-based approaches generally attempt to 
detect human skin tone (also referred to herein as “skin color” 
and “skin pigmentation') regions in an image, which, in turn, 
correlates to the human presence in an image. 

Skintone detection can play a significant role in facilitating 
human-computer interaction. For example, skin tone detec 
tion may serve as an enabling technology for face detection, 
localization, recognition, and/or tracking and gesture recog 
nition. For example, skin tone detection can be used as a 
pre-filter in image processing by classifying an image into 
skin and non-skin regions. This pre-filtering process can aid 
in accelerating Subsequent phases of facial and/or gesture 
recognition algorithms by focusing these algorithms onto 
areas of interest (i.e. skin regions), as well as enable robust 
edge detection algorithms used in current image processing 
applications. 

Images can depict visual information using various color 
spaces. A color space can describe the way colors are repre 
sented (e.g., using one to four values representing color com 
ponents). For example, in a red-green-blue (RGB) color 
space, a color can be described using three values—one each 
for red, green, and blue. Thus, three values can be used to 
describe the color of each pixel in an RGB image. When an 
intended interpretation of a color space's components is 
known, the set of possible colors can be referred to as a color 
space. For example, the three values associated with an RGB 
color can be mixed additively to produce a specific color in an 
RGB color space. Some skin tone detection systems may 
provide a skin model for a specific color space and further 
process regions of an image using the skin model to fit any 
specific application. 

Accurate skin tone detection, however, may be compli 
cated by the fact that a person’s skintone may vary depending 
on a variety of factors, such as, for example, illumination 
conditions (illumination geometry and color), variations in 
individual skin color, background of the environment of the 
image, etc. For example, the appearance of skin can change in 
color and shape, and may be affected by occluding objects, 
Such as, for example, clothing, hair, eyeglasses, etc. More 
over, changes in intensity, color and location of light sources 
can also affect skin appearance, as well as other objects within 
an environment that may cast shadows or reflect additional 
light onto a person’s skin, further complicating the skin detec 
tion process. Another challenge comes from the fact that 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
many objects in the real world might have skin-tone colors. 
For example, wood, leather, skin-colored clothing, hair, sand, 
etc. 

A challenge in skin tone detection systems is to make skin 
detection robust so as to accommodate variations in skin 
appearance. Current skin tone detection systems are limited 
in that that they may not adequately account for the large 
variations in skin tone that may occur depending on the light 
ing and other factors in the environment. For example, some 
skin tone detection systems utilize a single color space while 
Some systems use static (e.g. fixed) thresholds in multi-color 
spaces. However, systems relying on a single color space or 
static thresholds may fail to accurately detect skin tone in 
unconstrained imaging conditions, where skin tone can vary 
significantly across an image due to external factors. 

BRIEF DESCRIPTION OF DRAWINGS 

Features and advantages of the claimed Subject matter will 
be apparent from the following detailed description of 
embodiments consistent therewith, which description should 
be considered with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a block diagram illustrating one embodiment of a 
system for detecting human skin tone in an image consistent 
with various embodiments of the present disclosure; 

FIG. 2 is a block diagram illustrating another embodiment 
of a system for detecting human skin tone in an image con 
sistent with various embodiments of the present disclosure; 

FIG. 3 is a block diagram illustrating the system of FIG. 1 
in greater detail; 

FIG. 4 is a block diagram illustrating one embodiment of a 
skin segmentation module consistent with various embodi 
ments of the present disclosure; 

FIG.5 depicts an image before and after processing by way 
of the image processing module consistent with the present 
disclosure; and 

FIG. 6 is a flow diagram illustrating one embodiment for 
detecting human skin tone consistent with present disclosure. 

DETAILED DESCRIPTION 

By way of overview, the present disclosure is generally 
directed to a system and method for detecting human skin 
tone in one or more images. Skin tone can correspond to a 
color or set of colors within one or more color spaces that are 
characteristic of human flesh. Detecting skintone in an image 
can include ascertaining whether an image depicts such char 
acteristic colors. 
A system consistent with the present disclosure includes an 

image processing module configured to process an image or 
series of images to detect and identify regions of the image 
containing human skin tone based, at least in part, on the 
utilization of multiple color spaces and dynamically gener 
ated thresholds for each color space. The image processing 
module is configured to provide contrast enhancement of the 
image or series of images prior to the detection and identifi 
cation of human skintone regions so as to compensate for any 
background illumination in the image or series of images. 
A system consistent with the present disclosure is config 

ured to provide accurate detection of human skin tone while 
accounting for variations in skin appearance due to a variety 
of factors. More specifically, the use of a skin model having 
multiple color spaces and adaptive thresholds allows a system 
consistent with the present disclosure to accommodate for 
variations in skin appearance of one or more persons in an 
image due to lighting and other factors in the environment and 
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provide reliable and accurate detection of human skin tone. 
Accordingly, a system consistent with the present disclosure 
may improve human-computer interaction, particularly when 
utilized in Systems related to the detection of human presence, 
including, but not limited to, video Surveillance, face and 
gesture recognition, image/video indexing and retrieval and 
image editing. 

Turning to FIG. 1, one embodiment of a system 10 consis 
tent with the present disclosure is generally illustrated. The 
system 10 includes an image processing module 12, at least 
one image device 14 and a media device 16. As discussed in 
greater detail herein, the image processing module 12 is gen 
erally configured to receive an image or series of images from 
the image device 14 and process the image(s) to detect and 
identify regions containing human skin tone. More specifi 
cally, the image processing module 12 is configured to use 
multiple color spaces dynamically to detect and identify 
regions of the image(s) containing human skintone with high 
accuracy, irrespective of lighting conditions and other factors 
that may affect skin appearance of one or more users. 

The image processing module 12 is further configured to 
generate data indicative of the identified regions of the 
image(s) containing human skin tone, thereby indicating the 
presence of one or more persons in the image(s). The data 
may, in turn, be used to further facilitate human-computer 
interaction. For example, the data may be Subsequently used 
to accelerate Subsequent phases of facial and/or gesture rec 
ognition algorithms by focusing these algorithms onto areas 
of interest (i.e. regions of the image containing skin tone), as 
well as enable robust edge detection algorithms used in cur 
rent image processing applications. In one embodiment, the 
image processing module 12 may be coupled to a media 
device 16 having hardware and/or software related to user 
identification and/or gesture recognition. 

To alleviate additional processing requirements, the image 
processing module 12 may be optimized Such that the image 
processing module 12 is only used to process the image to a 
certain extent, e.g., without requiring actual identification of 
particular regions of a user's body, such as, for example, the 
face or hands. Rather, the image processing module 12 may 
be utilized simply to detect and identify regions in the 
image(s), to a predefined level of approximation or accuracy, 
which contain human skin tone. As generally understood, a 
system 10 consistent with the present disclosure may further 
include other components and methods configured to identify 
features of a user, including the face and/or hands, as well as 
facial expressions and hand gestures. For example, the system 
10 may further include hardware and/or software for user 
identification (e.g., facial and/or hand identification) and ges 
ture recognition. 

In the illustrated embodiment, the media adaptation mod 
ule 12, image device 14 and media device 16 are separate 
from one another. It should be noted that in other embodi 
ments, as generally understood by one skilled in the art, the 
media device 16 may optionally include the image processing 
module 12 and/or image device 14, as shown in FIG. 2, for 
example. The optional inclusion of the image processing 
module 12 and/or image device 14 as part of the media device 
16, rather than elements external to media device 16, is 
denoted in FIG. 2 with broken lines. 

Turning now to FIG.3, the system 10 of FIG. 1 is illustrated 
in greater detail. As previously discussed, the image process 
ing module 12 is configured to receive an image or series of 
images captured by an image device 14. The image device 14 
includes any device (known or later discovered) for capturing 
digital images representative of an environment that may 
include one or more persons, and may have adequate resolu 
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4 
tion for the detection and identification of human skin tone, 
thereby indicative of the presence of one or more persons as 
described herein. For the purposes of clarity and ease of 
description, the image device 14 will hereinafter be referred 
to as a camera 14. As generally understood, a system 10 
consistent with the present disclosure may also include 
memory (e.g. computer accessible storage medium) contain 
ing one or more images stored thereon, wherein the image 
processing module 12 may be configured to access and 
receive one or more images from memory. 
The camera 14 may include a still camera (e.g., camera 

configured to capture still photographs) or video camera (e.g., 
cameras configured to capture moving images comprised of a 
plurality of frames). The camera 14 may be configured to 
operate using light in the visible spectrum or with other por 
tions of the electromagnetic spectrum (e.g., but not limited to, 
the infrared spectrum, ultraViolet spectrum, etc.). As shown in 
FIG. 2, the camera 14 may be incorporated within at least the 
media device 16 or the image processing module 12, or may 
be a separate device configured to communicate with the 
image processing module 12 and media device 16 via wired 
or wireless communication. Specific examples of a camera 14 
may include wired (e.g., Universal Serial Bus (USB), Ether 
net, Firewire, etc.) or wireless (e.g., WiFi, Bluetooth, etc.) 
web cameras (as may be associated with a personal computer 
and/or TV monitor), handheld device camera (e.g., cellphone 
camera, Smartphone camera (e.g., camera associated with the 
iPhone(R), Trio R, Blackberry(R), etc.), laptop computer cam 
era, tablet computer (e.g., but not limited to, iPad(R), Galaxy 
Tab(R), and the like), e-book reader (e.g., but not limited to, 
Kindle R, Nook(R), and the like), etc. 
Upon processing the image(s), the image processing mod 

ule 12 is configured to generate data (e.g., but not limited to, 
a filtered image) indicative of identified regions of the 
image(s) containing human skin tone, thereby indicating the 
presence of one or more persons in the image(s). As previ 
ously discussed, the image processing module 12 may further 
be configured to transmit the data to the media device 16 for 
use in Subsequent facial and/or gesture recognition analysis. 
The media device 16 may include hardware and/or software 
configured for user identification and/or gesture recognition 
for enhanced user interface and interaction. The media device 
16 may include, but is not limited to, a television, desktop 
computer, laptop computer, tablet computer, Smart phone 
(e.g., iPhones(R), Android R-based phones, Blackberries(R), 
Symbian R-based phones, PalmR)-based phones, etc.), video 
game console, videoconferencing system, portable digital 
assistant (PDA), portable media player (PMP), e-book, and 
other computing device. 

In the illustrated embodiment, the image processing mod 
ule 12 includes a contrast normalization module 18 config 
ured to receive one or more digital images captured by the 
camera 14. In the following embodiments described herein, 
the input source image received from the camera 14 is an 
RGB color image. However, it should be noted that other 
color spaces may be used consistent with the teachings 
herein. For example, YUV. grayscale (black-and-white), 
infrared, XYZ, UVW, Luv Lab, and/or other known or after 
developed color space specifications may be used. 
The contrast normalization module 18 is configured to 

enhance the contrast of one or more images received from the 
camera 14. In one embodiment, the contrast normalization 
module 18 may be configured to enhance saturation contrast 
ofan image, as described in greater detail herein. The contrast 
normalization module 18 may be configured to convert an 
original color space of an image to a second color space 
having a saturation channel, wherein the saturation channel 
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may include Saturation values of all pixels of the image. For 
example, the contrast normalization module 18 may be con 
figured to convert an unfiltered image from an original format 
(e.g. red-green-blue (RGB) color space) to a hue-saturation 
value (HSV) color space. 
The contrast normalization module 18 may include cus 

tom, proprietary, known and/or after-developed contrast code 
(or instruction sets, functions, etc.) that are generally well 
defined and operable to process pixels of an image to deter 
mine whether adjustment of Saturation values of pixels is 
necessary to optimize contrast of the image. Upon converting 
the image from an RGB color space to an HSV color space, 
the contrast normalization module 18 may be configured to 
construct a histogram of the Saturation values of pixels of the 
image and compute a median Saturation value based on the 
constructed histogram. The contrast normalization module 
18 may further be configured to access information regarding 
each pixel of the image, wherein the information may include 
a saturation value and a luminance value. 
The contrast normalization module 18 may be further be 

configured to apply contrast enhancement to each pixel 
based, at least in part on, the information, including the Satu 
ration and luminance values of each pixel. In one embodi 
ment, a user may provide one or more user-provided param 
eters, based upon which, a function may be defined. In some 
embodiments, the function may be an S-curve function, Such 
that when Saturation values of respective pixels of the image 
are applied to the S-curve function, resulting enhanced Satu 
ration values of some of the pixels may be greater than cor 
responding original saturation values and enhanced Satura 
tion values of others of the pixels may be less than 
corresponding original Saturation values. 

In one embodiment, only Saturation values of pixels that 
satisfy aluminance threshold condition may be applied to the 
function. For example, the contrast normalization module 18 
may be configured to determine whether the luminance value 
of each pixel is below a lower limit threshold value, above an 
upper limit threshold value or within an intermediate range 
between the lower and upper limits. If the luminance value is 
below the lower limit threshold or above the upper limit 
threshold, then a luminance threshold condition is satisfied. 
In the event that the luminance threshold condition is satis 
fied, the contrast normalization module 18 may adjust Satu 
ration contrast by applying the Saturation value of the pixel to 
the function to obtain an enhanced Saturation value, which 
may result in an increase or decrease in contrast. Otherwise, 
if the luminance threshold condition is not satisfied (the lumi 
nance value falls within the intermediate range), the Satura 
tion value of the pixel may remain unchanged. 

Enhancing the Saturation contrast of the image based on 
satisfaction of aluminance threshold may preserve Saturation 
values with respect to pixels with low luminance. Increasing 
saturation contrast may magnify hue fluctuations that are 
caused by low-level noise in the image. By enhancing Satu 
ration values of only the pixels of the image that satisfy the 
luminance threshold condition, Saturation may be enhanced 
everywhere in the image except for darker areas, where the 
digital image retains only the low-level noise present in an 
original version of the digital image. Applying contrast 
enhancement to the input source image prior to any Subse 
quent skintone detection and processing, described in greater 
detail herein, may generally compensate forbackground illu 
mination in the image, thereby improving the accuracy of the 
skin tone detection and identification. 
Upon completion of contrast enhancement, the contrast 

normalization module 18 may be configured to convert the 
color space of the image back to the original color space (e.g. 
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6 
from HSV to RGB), wherein a contrast-enhanced, or con 
trast-adjusted, version of the image may then be transmitted 
to the media device 16 and/or may be saved to a storage 
device. Such as, for example, a hard disk, an optical disc, a 
flash RAM storage device, or other type of storage device. 

In the illustrated embodiment, the contrast-enhanced 
image may be transmitted to a skin segmentation module 20. 
It should be noted that the skin segmentation module 20 may 
be configured to receive the contrast-enhanced image in 
either the original format (e.g. RGB) or the second color 
space (e.g. HSV). The skin segmentation module 20 is gen 
erally configured to receive the contrast-enhanced image pro 
cessed by the contrast normalization module 18 and detect the 
presence of skin tone in the image. As described in greater 
detail herein, the skin segmentation module 20 may be con 
figured to process each pixel of the image and compare data 
related to each pixel (e.g. color values of a pixel) with a range 
of known skin tone values across multiple color spaces stored 
in a skin database 22. The skin segmentation module 20 may 
be further configured classify the image into skin regions (e.g. 
regions in which skin tone is present) and non-skin regions 
(e.g. regions in which skin tone is not present). 
Upon processing the contrast-enhanced image, the skin 

segmentation module 20 may be configured to generate a 
filtered image 24, in which regions of the image containing 
skin tone are identified as such. For example, the output of the 
skin segmentation module 20 may include a filtered image 24 
where pixels identified as containing skin tone are preserved 
(i.e. color values of pixel remain unchanged from the con 
trast-enhanced image) and pixels identified as not containing 
skin tone are assigned a value to indicate lack of skin tone 
(e.g. black). The filtered image 24 may then be transmitted to 
the media device 16 for presentation and/or further process 
ing (e.g., face and/or gesture recognition, etc.). 

Turning to FIG.4, a block diagram illustrating one embodi 
ment of a skin segmentation module 20 consistent with one 
embodiment of the present disclosure is generally illustrated. 
As previously described, the image processing module 12 
includes a skin database 22. The skin database 22 includes a 
range of values that correspond to known skin tones within 
multiple color spaces. The range of values may be referred to 
hereinafter as a skin tone boundary, having a lower limit 
threshold and an upper limit threshold. For example, the 
database 22 may be created based on the processing of skin 
patches from a database of images. The skin-colored patches 
may be representative of a variety of different skin tones (e.g. 
African, Asian, European) under different illumination con 
ditions. The skin patches may be processed under a variety of 
different color spaces so as to determine skin tone boundaries 
for each color space. For example, the skin database 22 may 
include skin tone boundaries for at least RGB, HSV and 
YCrCb color spaces. As generally understood, the skin tone 
boundaries may be determined based on generating histo 
grams of the skin patches and determining a Gaussian distri 
bution of values for each color space. For example, the skin 
tone boundaries may be based, at least in part, on a hue 
distribution, chroma red (Cr) distribution, chroma blue (Cb) 
distribution, as well as chroma difference (Cr-Cb) distribu 
tion. 

In the illustrated embodiment, the skin segmentation mod 
ule 20 may include a HSV filter module 26 and aYCrCb filter 
module 28. Upon receiving the contrast-enhanced image, the 
HSV and YCrCb filter modules 26, 28 are configured to 
convert the contrast-enhanced image to HSV and YCrCb 
color spaces and further enable the processing of pixels for 
detection and identification of regions of the image contain 
ing skin tone within multiple color spaces. The skin segmen 



US 8,861,847 B2 
7 

tation module 20 is configured to first select regions of the 
image from which to select and process pixels to generate a 
histogram. In one embodiment, the skin segmentation mod 
ule 20 may be configured to first start with processing the 
center region of the image, a region in which a person may 
generally be present. Upon processing the center region, the 
skin segmentation module 20 may then process regions 
immediately Surrounding the center region. 
The skin segmentation module 20 may include custom, 

proprietary, known and/or after-developed skin identification 
code (or instruction sets) that are generally well-defined and 
operable to distinguish skin tones or colors from other areas 
of the image. The skin segmentation module 20 may be con 
figured to process pixels of a region of the image and identify 
values of each pixel for each color space. Such as, for example 
red-green (RG) and green-blue (GB) values (for RGB color 
space), hue, Saturation and luminance values (for the HSV 
color space) and chroma red (Cr) and chroma blue (Cb) 
values (for the YCrCb color space). The skin segmentation 
module 20 is further configured to generate histograms for 
one or more values and classify pixels as either skin or non 
skin based on skin tone boundaries of the skin database 22. 
For example, the skin segmentation module 20 may be con 
figured to generate a histogram of Crand Cb values. The skin 
segmentation module 20 may further be configured to label 
pixels as skin if the Cr and Cb values are within a Cr and Cb 
boundary of the skin database 22. As such, the skin segmen 
tation module 20 may be configured to classify the image into 
skin regions (e.g. regions in which skin tone is present) and 
non-skin regions (e.g. regions in which skin tone is not 
present). 
Upon classifying regions of the image as skin regions or 

non-skin regions, the skin segmentation module 20 is further 
configured to further process skin regions to improve upon 
and provide a more robust and accurate skin tone detection 
system. In particular, in the first pass, the image was classified 
into skin and non-skin regions, wherein skin regions were 
identified based on a comparison of one or more generated 
histograms with corresponding skin tone boundaries of the 
skin database 22. It should be noted that each region of the 
image classified as containing skin tone includes maximum 
and minimum observed values (e.g., Cr and Cb values) that 
fall within skin tone boundaries of the skin database 22. In a 
Subsequent pass of the image, the skin segmentation module 
20 may be configured to identify a range of values based on 
the maximum and minimum observed values and apply the 
identified range of values across all regions of the image, 
including skin regions and non-skin regions, for further pro 
cessing of the image to detect skin tone. 

For example, the skin segmentation module 20 may be 
configured to identify a range of chroma (Crand Cb) values 
based on maximum and minimum observed Crand Cb values 
of one or more skin regions of the image. In a Subsequent 
processing of the image, the identified range of Cr and Cb 
values are now used to determine whether a pixel contains 
skin tone (e.g. determine whether Cr and Cb values of pixel 
falls within identified range of Crand Cb values). It should be 
noted that the skin segmentation module 20 may be config 
ured to make multiple passes (processing of image) to further 
refine the detection process. 
The adaptive nature of modifying skin tone boundaries, 

particularly updating the lower limit and upper limit thresh 
olds of any given boundary on each Subsequent pass, 
increases the robustness of skin detection. In particular, the 
skin segmentation module may be configured to provide more 
accurate results for a specific image and under specific light 
ing conditions. 
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8 
The approach discussed above may be further augmented 

with other color-related thresholds, in addition to the normal 
ized chroma (Cr and Cb) thresholds (e.g., maximum and 
minimum observed values), based on observations, such as 
chroma difference (Cr-Cb) and Red-Green, Green-Blue dif 
ference (RG/GB) to make the skin tone detection process 
more robust. For example, as shown, the skin segmentation 
module 20 may further include Cr-Cb and RG/GB difference 
thresholding modules 30, 32. The modules 30, 32 may be 
configured to determine maximum and minimum observed 
Cr-Cb difference values and RG/GB difference values, 
respectively, of each skin region that fall within skin tone 
boundaries of the skin database 22. Accordingly, in a Subse 
quent pass of the image, the skin segmentation module 20 
may be configured to identify a range of Cr-Cb and RG/GB 
values based on the maximum and minimum observed values 
and apply the identified range of Cr-Cb and RG/GB values 
across all regions of the image, including skin regions and 
non-skin regions, for further processing of the image in a 
similar fashion described above in relation to application of 
the normalized chroma thresholds. The processing of an 
image with additional color-related thresholds, Such as 
chroma difference and/or RG/GB difference, further increase 
the robustness of the image processing module. 

FIG. 5 depicts an image before and after undergoing a 
method of skin tone detection consistent with the present 
disclosure. As shown, an unfiltered image 502 (e.g. input 
Source image from the camera 14) includes a person within an 
environment including background illumination and objects. 
Upon receiving the unfiltered image 502, the image process 
ing module 12 is configured to perform the skintone detection 
process described herein, and further generate a filtered 
image 504, in which regions of the image containing skintone 
are identified as such. For example, as shown in the filtered 
image 504, pixels identified as containing skin tone remain in 
the image 504 and pixels identified as not containing skintone 
are assigned a value to indicate lack of skin tone (e.g. black). 
As shown, processing of the unfiltered image 502 in accor 
dance with a system and method of skin tone detection con 
sistent with the present disclosure results in a filtered image 
504 in which skin color is recognized with minimal false 
positives (e.g., stripes in the shirt) which can later be pruned 
with known Smoothening functions. 

Turning now to FIG. 6, a flowchart of one embodiment of 
a method 600 for detecting human skin tone consistent with 
the present disclosure is illustrated. The method 600 includes 
receiving an image (operation 602) and processing the image 
(604). During the processing of the image, a determination 
may then be made in operation 606 as to whether contrast of 
the image needs to be adjusted. If it is determined in operation 
606 that contrast adjustment is no necessary, then the image is 
then converted into multiple color spaces in operation 610. If 
it is determined in operation 606 that the image needs contrast 
adjustment, then contrast of the image is adjusted. In particu 
lar, the saturation contrast of the image may be adjusted (e.g. 
either increase or decrease saturation values of pixels of the 
image). The contrast-enhanced image is then converted into 
multiple color spaces in operation 610. 
The image is converted into multiple color spaces in opera 

tion 610. In particular, the image is converted into at least 
HSV and YCrCb color spaces. In operation 612, histograms 
for one or more color values of the pixels for each color space 
are computed. In operation 614, the histograms are used in 
determining pixels that contain values within thresholds of 
known skintone values and the image is further classified into 
skin regions (e.g. regions containing pixels where skintone is 
present) and non-skin regions (e.g. regions containing pixels 
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where skin tone is not present). In operation 616, new thresh 
olds are identified based on observed maximum and mini 
mum (upper and lower threshold limits) in the histograms and 
the new thresholds are applied to the histograms. 
As shown, upon completing operation 616, operations 612 5 

and 614 may then repeat based on the newly applied thresh 
olds identified in operation 616, thereby constituting one 
complete pass of the image filtering process consistent with 
the present disclosure. At least upon a complete pass, a fil 
tered image is then generated in operation 618, in which 10 
regions of the image containing skin tone are identified as 
such. However, it should be noted that the image may be 
further processed so as to complete multiple complete passes, 
wherein operations 612 through 616 may continue indefi 
nitely, further improving the accuracy of detecting and iden- 15 
tifying skin regions and non-skin regions in the image. 

While FIG. 6 illustrates method operations according vari 
ous embodiments, it is to be understood that in any embodi 
ment not all of these operations are necessary. Indeed, it is 
fully contemplated herein that in other embodiments of the 20 
present disclosure, the operations depicted in FIG. 6 may be 
combined in a manner not specifically shown in any of the 
drawings, but still fully consistent with the present disclosure. 
Thus, claims directed to features and/or operations that are 
not exactly shown in one drawing are deemed within the 25 
Scope and content of the present disclosure. 

It should be noted that, in addition to detecting the presence 
of human skin tone, a system and method consistent with the 
present disclosure may also be configured to detect any 
desired color tone depending on the particular application. 30 
For example, a system consistent with the present disclosure 
may be used in athletic events, such as a televised broadcast of 
a basketball game. The system may be configured to detect 
the presence of color tone in the video (e.g. series of images) 
corresponding to a known color tone range of the basketball, 35 
thereby indicating the presence of the basketball in the image. 
Accordingly, the system may aid in further tracking systems 
configured to track the movement of the basketball. 

Additionally, operations for the embodiments have been 
further described with reference to the above figures and 40 
accompanying examples. Some of the figures may include a 
logic flow. Although Such figures presented herein may 
include a particular logic flow, it can be appreciated that the 
logic flow merely provides an example of how the general 
functionality described herein can be implemented. Further, 45 
the given logic flow does not necessarily have to be executed 
in the order presented unless otherwise indicated. In addition, 
the given logic flow may be implemented by a hardware 
element, a software element executed by a processor, or any 
combination thereof. The embodiments are not limited to this 50 
COInteXt. 

As used in any embodiment herein, the term “module' may 
refer to software, firmware and/or circuitry configured to 
performany of the aforementioned operations. Software may 
be embodied as a Software package, code, instructions, 55 
instruction sets and/or data recorded on non-transitory com 
puter readable storage medium. Firmware may be embodied 
as code, instructions or instruction sets and/or data that are 
hard-coded (e.g., nonvolatile) in memory devices. "Cir 
cuitry, as used in any embodiment herein, may comprise, for 60 
example, singly or in any combination, hardwired circuitry, 
programmable circuitry Such as computer processors com 
prising one or more individual instruction processing cores, 
state machine circuitry, and/or firmware that stores instruc 
tions executed by programmable circuitry. The modules may, 65 
collectively or individually, be embodied as circuitry that 
forms part of a larger system, for example, an integrated 
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circuit (IC), system on-chip (SoC), desktop computers, lap 
top computers, tablet computers, servers, Smartphones, etc. 
Any of the operations described herein may be imple 

mented in a system that includes one or more storage medi 
ums having stored thereon, individually or in combination, 
instructions that when executed by one or more processors 
perform the methods. Here, the processor may include, for 
example, a server CPU, a mobile device CPU, and/or other 
programmable circuitry. 

Also, it is intended that operations described herein may be 
distributed across a plurality of physical devices, such as 
processing structures at more than one different physical 
location. The storage medium may include any type of tan 
gible medium, for example, any type of disk including hard 
disks, floppy disks, optical disks, compact disk read-only 
memories (CD-ROMs), compact disk rewritables (CD 
RWs), and magneto-optical disks, semiconductor devices 
Such as read-only memories (ROMs), random access memo 
ries (RAMs) such as dynamic and static RAMs, erasable 
programmable read-only memories (EPROMs), electrically 
erasable programmable read-only memories (EEPROMs), 
flash memories, Solid State Disks (SSDs), magnetic or opti 
cal cards, or any type of media Suitable for storing electronic 
instructions. Other embodiments may be implemented as 
Software modules executed by a programmable control 
device. The storage medium may be non-transitory. 
As described herein, various embodiments may be imple 

mented using hardware elements, Software elements, or any 
combination thereof. Examples of hardware elements may 
include processors, microprocessors, circuits, circuit ele 
ments (e.g., transistors, resistors, capacitors, inductors, and 
So forth), integrated circuits, application specific integrated 
circuits (ASIC), programmable logic devices (PLD), digital 
signal processors (DSP), field programmable gate array 
(FPGA), logic gates, registers, semiconductor device, chips, 
microchips, chip sets, and so forth. 

Reference throughout this specification to “one embodi 
ment” or “an embodiment’ means that a particular feature, 
structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment. Thus, 
appearances of the phrases "in one embodiment” or “in an 
embodiment in various places throughout this specification 
are not necessarily all referring to the same embodiment. 
Furthermore, the particular features, structures, or character 
istics may be combined in any Suitable manner in one or more 
embodiments. 

According to one aspect of the present disclosure, there is 
provided an apparatus for detecting human skin tone in an 
image. The apparatus includes a contrast normalization mod 
ule configured to receive an image and enhance contrast of the 
image and generate a contrast-enhanced image. The appara 
tus further includes a skin segmentation module configured to 
convert the contrast-enhanced image into multiple color 
spaces and process each pixel of the image to identify values 
of each pixel corresponding to each of the multiple color 
spaces, the skin segmentation module further configured to 
classify the image into skin and non-skin regions based on a 
comparison of the identified values of each pixel with corre 
sponding values of skin tone boundaries of a skin database. 
The skin segmentation module is further configured to gen 
erate output data indicative of the identified skin regions and 
non-skin regions of the image. 

Another example apparatus includes the foregoing compo 
nents and the multiple color spaces are selected from the 
group consisting of RGB, HSV. YCrCb and XYZ color 
Spaces. 
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Another example apparatus includes the foregoing compo 
nents and the values of each pixel are selected from the group 
consisting of red-green (RG) and green-blue (GB) values, hue 
(H), Saturation (S) and luminance (V) values and chroma red 
(Cr) and chroma blue (Cb) values. 

Another example apparatus includes the foregoing compo 
nents and each skintone boundary stored in the skin database 
includes a range of values having a lower limit threshold and 
an upper limit threshold, each skin tone boundary generated 
based on processed images containing known skin patches 
under varying lighting conditions. 

Another example apparatus includes the foregoing compo 
nents and the skin tone boundaries are based on at least one of 
hue distribution, chroma red (Cr) distribution, chroma blue 
(Cb) distribution and chroma difference (Cr-Cb) distribu 
tion. 

Another example apparatus includes the foregoing compo 
nents and the skin segmentation module is configured to 
generate histograms for the identified values of each pixel for 
each color space and compare each of the histograms with 
skin tone boundaries having corresponding values to identify 
pixels having values within the lower limit and upper limit 
thresholds of the skin tone boundaries. 

Another example apparatus includes the foregoing compo 
nents and if values of a pixel are within the lower and upper 
limit thresholds of a corresponding skin tone boundary, the 
pixel is classified as having skin tone and if values of a pixel 
are outside of the lower and upper limit thresholds of a cor 
responding skintone boundary, the pixel is classified as being 
devoid of skin tone. 

Another example apparatus includes the foregoing compo 
nents and the skin regions of the image contain one or more 
pixels classified as having skin tone and the non-skin regions 
of the image contain one or more pixels classified as being 
devoid of skin tone. 

Another example apparatus includes the foregoing compo 
nents and the skin segmentation module is further configured 
to identify minimum and maximum observed values of his 
tograms of the pixels within each skin region and apply the 
identified minimum and maximum observed values to corre 
sponding skintone boundaries, thereby adaptively modifying 
the lower and upper limit thresholds to include the identified 
minimum and maximum values, respectively, and updating 
the skin tone boundaries. 

Another example apparatus includes the foregoing compo 
nents and the skin segmentation module is further configured 
to process pixels of the image to identify skin and non-skin 
regions based on the updated skin tone boundaries. 

Another example apparatus includes the foregoing compo 
nents and the contrast normalization module is configured to 
convert the image to a color space having a saturation channel 
and enhance Saturation contrast of the image. 

Another example apparatus includes the foregoing compo 
nents and the output data includes a filtered image wherein 
values of each pixel within the identified skin regions are 
preserved and values of each pixel within the identified non 
skin regions are adjusted to provide visual indication of a lack 
of skin tone in non-skin regions of the filtered image. 

According to another aspect of the present disclosure, there 
is provided a system for detecting human skin tone in an 
image. The system includes a camera configured to capture 
one or more images and an image processing module config 
ured to detect the presence of skin tone in the image. The 
image processing module includes a contrast normalization 
module configured to receive the image and enhance contrast 
of the image and generate a contrast-enhanced image. The 
image processing module further includes a skin segmenta 
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tion module configured to convert the contrast-enhanced 
image into multiple color spaces and process each pixel of the 
image to identify values of each pixel corresponding to each 
of the multiple color spaces, the skin segmentation module 
further configured to classify the image into skin and non 
skin regions based on a comparison of the identified values of 
each pixel with corresponding values of skin tone boundaries 
of a skin database. The skin segmentation module is further 
configured to generate output data indicative of the identified 
skin regions and non-skin regions of the image. The system 
further includes a media device configured to receive the 
output data from the image processing module for presenta 
tion or further processing. 

Another example system includes the foregoing compo 
nents and the multiple color spaces are selected from the 
group consisting of RGB, HSV.Y.CrCb and XYZ color spaces 
and the values of each pixel are selected from the group 
consisting of red-green (RG) and green-blue (GB) values, hue 
(H), Saturation (S) and luminance (V) values and chroma red 
(Cr) and chroma blue (Cb) values. 

Another example system includes the foregoing compo 
nents and each skin tone boundary stored in the skin database 
includes a range of values having a lower limit threshold and 
an upper limit threshold, each skin tone boundary generated 
based on processed images containing known skin patches 
under varying lighting conditions. 

Another example system includes the foregoing compo 
nents and the skin segmentation module is configured to 
generate histograms for the identified values of each pixel for 
each color space and compare each of the histograms with 
skin tone boundaries having corresponding values to identify 
pixels having values within the lower limit and upper limit 
thresholds of the skin tone boundaries. 

Another example system includes the foregoing compo 
nents and if values of a pixel are within the lower and upper 
limit thresholds of a corresponding skin tone boundary, the 
pixel is classified as having skin tone and if values of a pixel 
are outside of the lower and upper limit thresholds of a cor 
responding skin tone boundary, the pixel is classified as being 
devoid of skin tone. 

Another example system includes the foregoing compo 
nents and the skin segmentation module is further configured 
to identify minimum and maximum observed values of his 
tograms of the pixels within each skin region and apply the 
identified minimum and maximum observed values to corre 
sponding skintone boundaries, thereby adaptively modifying 
the lower and upper limit thresholds to include the identified 
minimum and maximum values, respectively, and updating 
the skin tone boundaries. 

Another example system includes the foregoing compo 
nents and the skin segmentation module is further configured 
to process pixels of the image to identify skin and non-skin 
regions based on the updated skin tone boundaries. 

Another example system includes the foregoing compo 
nents and the output data includes a filtered image wherein 
values of each pixel within the identified skin regions are 
preserved and values of each pixel within the identified non 
skin regions are adjusted to provide visual indication of a lack 
of skin tone in non-skin regions of the filtered image. 

According to another aspect, there is provided at least one 
computer accessible medium including instructions stored 
thereon. When executed by one or more processors, the 
instructions may cause a computer system to perform opera 
tions for detecting human skin tone in an image. The opera 
tions include receiving an image, enhancing contrast of the 
image and generating a contrast-enhanced image, converting 
the contrast-enhanced image into multiple color spaces, pro 
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cessing each pixel of the image to identify values for each 
color space, generating histograms for one or more values of 
each pixel for each color space and comparing the histograms 
with skin tone boundaries having known skin tone values to 
identify pixels containing values within lower and upper limit 
thresholds of the skin tone boundaries, classifying the image 
into skin regions and non-skin regions based on the compari 
Son of the histograms with the skin tone boundaries, and 
generating output data indicative of the identified skin regions 
and non-skin regions of the image. 

Another example computer accessible medium includes 
the foregoing operations and further includes identifying new 
lower and upper limit thresholds for one or more skin tone 
boundaries based on observed minimum and maximum val 
ues of one or more histograms and updating the skin tone 
boundaries based on new lower and upper limit thresholds. 

Another example computer accessible medium includes 
the foregoing operations and further includes generating his 
tograms for one or more values of each pixel for each color 
space and comparing the histograms with updated skin tone 
boundaries. 

According to another aspect of the present disclosure, there 
is provided a method for detecting human skin tone in an 
image. The method includes receiving and enhancing, by a 
contrast normalization module, contrast of an image and gen 
erating a contrast-enhanced image and converting, by a skin 
segmentation module, the contrast-enhanced image into mul 
tiple color spaces and processing each pixel of the image to 
identify values for each color space. The method further 
includes generating, by the skin segmentation module, histo 
grams for one or more values of each pixel for each color 
space and comparing the histograms with skin tone bound 
aries, of a skin tone database, having known skin tone values 
to identify pixels containing values within lower and upper 
limit thresholds of the skin tone boundaries. The method 
further includes classifying, by the skin segmentation mod 
ule, the image into skin regions and non-skin regions based on 
the comparison of the histograms with the skin tone bound 
aries and generating output data indicative of the identified 
skin regions and non-skin regions of the image. 

Another example method includes the foregoing opera 
tions and further includes identifying, by the skin segmenta 
tion module, new lower and upper limit thresholds for one or 
more skin tone boundaries based on observed minimum and 
maximum values of one or more histograms and updating the 
skin tone boundaries based on new lower and upper limit 
thresholds. 

Another example method includes the foregoing opera 
tions and further includes generating, by the skin segmenta 
tion module, histograms for one or more values of each pixel 
for each color space and comparing the histograms with 
updated skin tone boundaries. 

The terms and expressions which have been employed 
herein are used as terms of description and not of limitation, 
and there is no intention, in the use of Such terms and expres 
sions, of excluding any equivalents of the features shown and 
described (or portions thereof), and it is recognized that vari 
ous modifications are possible within the scope of the claims. 
Accordingly, the claims are intended to coverall Such equiva 
lents. 

Various features, aspects, and embodiments have been 
described herein. The features, aspects, and embodiments are 
susceptible to combination with one another as well as to 
variation and modification, as will be understood by those 
having skill in the art. The present disclosure should, there 
fore, be considered to encompass such combinations, varia 
tions, and modifications. Thus, the breadth and scope of the 
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present disclosure should not be limited by any of the above 
described exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 

What is claimed is: 
1. An apparatus for detecting human skin tone in an image, 

said apparatus comprising: 
a contrast normalization module configured to receive an 

image and enhance contrast of said image and generate 
a contrast-enhanced image; and 

a skin segmentation module configured to convert said 
contrast-enhanced image into multiple color spaces and 
process each pixel of said image to identify values of 
each pixel corresponding to each of said multiple color 
spaces, said skin segmentation module further config 
ured to classify said image into skin and non-skin 
regions based on a comparison of said identified values 
of each pixel with corresponding values of skin tone 
boundaries of a skin database; 

wherein said skin segmentation module is further config 
ured to generate output data indicative of said identified 
skin regions and non-skin regions of said image. 

2. The apparatus of claim 1, wherein said multiple color 
spaces are selected from the group consisting of RGB, HSV. 
YCrCb and XYZ color spaces. 

3. The apparatus of claim 2, wherein said values of each 
pixel are selected from the group consisting of red-green 
(RG) and green-blue (GB) values, hue (H), saturation (S) and 
luminance (V) values and chroma red (Cr) and chroma blue 
(Cb) values. 

4. The apparatus of claim2, wherein each skin tone bound 
ary stored in said skin database comprises a range of values 
having a lower limit threshold and an upper limit threshold, 
each skin tone boundary generated based on processed 
images containing known skin patches under varying lighting 
conditions. 

5. The apparatus of claim 4, wherein said skin tone bound 
aries are based on at least one of hue distribution, chroma red 
(Cr) distribution, chroma blue (Cb) distribution and chroma 
difference (Cr-Cb) distribution. 

6. The apparatus of claim 4, wherein said skin segmenta 
tion module is configured to generate histograms for said 
identified values of each pixel for each color space and com 
pare each of said histograms with skintone boundaries having 
corresponding values to identify pixels having values within 
the lower limit and upper limit thresholds of said skin tone 
boundaries. 

7. The apparatus of claim 6, wherein, if values of a pixel are 
within said lower and upper limit thresholds of a correspond 
ing skin tone boundary, said pixel is classified as having skin 
tone and if values of a pixel are outside of said lower and 
upper limit thresholds of a corresponding skintone boundary, 
said pixel is classified as being devoid of skin tone. 

8. The apparatus of claim 7, wherein said skin regions of 
said image contain one or more pixels classified as having 
skintone and said non-skin regions of said image contain one 
or more pixels classified as being devoid of skin tone. 

9. The apparatus of claim 6, wherein said skin segmenta 
tion module is further configured to identify minimum and 
maximum observed values of histograms of said pixels within 
each skin region and apply said identified minimum and 
maximum observed values to corresponding skintone bound 
aries, thereby adaptively modifying the lower and upper limit 
thresholds to include said identified minimum and maximum 
values, respectively, and updating said skin tone boundaries. 
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10. The apparatus of claim 9, wherein said skin segmenta 
tion module is further configured to process pixels of said 
image to identify skin and non-skin regions based on said 
updated skin tone boundaries. 

11. The apparatus of claim 1, wherein said contrast nor 
malization module is configured to convert said image to a 
color space having a saturation channel and enhance Satura 
tion contrast of said image. 

12. The apparatus of claim 1, wherein said output data 
includes a filtered image wherein values of each pixel within 
the identified skin regions are preserved and values of each 
pixel within the identified non-skin regions are adjusted to 
provide visual indication of a lack of skin tone in non-skin 
regions of the filtered image. 

13. A system for detecting human skin tone in an image, 
said system comprising: 

a camera configured to capture one or more images; 
an image processing module configured to detect the pres 

ence of skin tone in said image, said image processing 
module comprising: 
a contrast normalization module configured to receive 

said image and enhance contrast of said image and 
generate a contrast-enhanced image; and 

a skin segmentation module configured to convert said 
contrast-enhanced image into multiple color spaces 
and process each pixel of said image to identify values 
of each pixel corresponding to each of said multiple 
color spaces, said skin segmentation module further 
configured to classify said image into skin and non 
skin regions based on a comparison of said identified 
values of each pixel with corresponding values of skin 
tone boundaries of a skin database: 

wherein said skin segmentation module is configured to 
generate output data indicative of said identified skin 
regions and non-skin regions of said image; and 

a media device configured to receive said output data from 
said image processing module for presentation or further 
processing. 

14. The system of claim 13, wherein said multiple color 
spaces are selected from the group consisting of RGB, HSV. 
YCrCb and XYZ color spaces and said values of each pixel 
are selected from the group consisting of red-green (RG) and 
green-blue (GB) values, hue (H), saturation (S) and lumi 
nance (V) values and chroma red (Cr) and chroma blue (Cb) 
values. 

15. The system of claim 14, wherein each skin tone bound 
ary stored in said skin database comprises a range of values 
having a lower limit threshold and an upper limit threshold, 
each skin tone boundary generated based on processed 
images containing known skin patches under varying lighting 
conditions. 

16. The system of claim 15, wherein said skin segmenta 
tion module is configured to generate histograms for said 
identified values of each pixel for each color space and com 
pare each of said histograms with skintone boundaries having 
corresponding values to identify pixels having values within 
the lower limit and upper limit thresholds of said skin tone 
boundaries. 

17. The system of claim 16 wherein, if values of a pixel are 
within said lower and upper limit thresholds of a correspond 
ing skin tone boundary, said pixel is classified as having skin 
tone and if values of a pixel are outside of said lower and 
upper limit thresholds of a corresponding skintone boundary, 
said pixel is classified as being devoid of skin tone. 

18. The system of claim 16, wherein said skin segmenta 
tion module is further configured to identify minimum and 
maximum observed values of histograms of said pixels within 
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each skin region and apply said identified minimum and 
maximum observed values to corresponding skintone bound 
aries, thereby adaptively modifying the lower and upper limit 
thresholds to include said identified minimum and maximum 
values, respectively, and updating said skin tone boundaries. 

19. The system of claim 18, wherein said skin segmenta 
tion module is further configured to process pixels of said 
image to identify skin and non-skin regions based on said 
updated skin tone boundaries. 

20. The system of claim 13, wherein said output data 
includes a filtered image wherein values of each pixel within 
the identified skin regions are preserved and values of each 
pixel within the identified non-skin regions are adjusted to 
provide visual indication of a lack of skin tone in non-skin 
regions of the filtered image. 

21. At least one non-transitory computer readable storage 
medium storing instructions which, when executed by a 
machine, cause the machine to perform operations for detect 
ing human skin tone in an image, said operations comprising: 

receiving an image: 
enhancing contrast of said image and generating a contrast 

enhanced image: 
converting said contrast-enhanced image into multiple 

color spaces: 
processing each pixel of said image to identify values for 

each color space; 
generating histograms for one or more values of each pixel 

for each color space and comparing said histograms with 
skin tone boundaries having known skin tone values to 
identify pixels containing values within lower and upper 
limit thresholds of said skin tone boundaries; 

classifying said image into skin regions and non-skin 
regions based on said comparison of said histograms 
with said skin tone boundaries; and 

generating output data indicative of said identified skin 
regions and non-skin regions of said image. 

22. The non-transitory computer readable storage medium 
of claim 21, further comprising: 

identifying new lower and upper limit thresholds for one or 
more skin tone boundaries based on observed minimum 
and maximum values of one or more histograms; and 

updating said skintone boundaries based on new lower and 
upper limit thresholds. 

23. The non-transitory computer readable storage medium 
of claim 22, further comprising: 

generating histograms for one or more values of each pixel 
for each color space and comparing said histograms with 
updated skin tone boundaries. 

24. A method for detecting human skin tone in an image, 
said method comprising: 

receiving and enhancing, by a contrast normalization mod 
ule, contrast of an image and generating a contrast 
enhanced image: 

converting, by a skin segmentation module, said contrast 
enhanced image into multiple color spaces and process 
ing each pixel of said image to identify values for each 
color space; 

generating, by said skin segmentation module, histograms 
for one or more values of each pixel for each color space 
and comparing said histograms with skin tone bound 
aries, of a skin tone database, having known skin tone 
values to identify pixels containing values within lower 
and upper limit thresholds of said skin tone boundaries; 

classifying, by said skin segmentation module, said image 
into skin regions and non-skin regions based on said 
comparison of said histograms with said skin tone 
boundaries; and 
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generating output data indicative of said identified skin 
regions and non-skin regions of said image. 

25. The method of claim 24, further comprising: 
identifying, by said skin segmentation module, new lower 

and upper limit thresholds for one or more skin tone 
boundaries based on observed minimum and maximum 
values of one or more histograms; and 

updating said skintone boundaries based on new lower and 
upper limit thresholds. 

26. The method of claim 25, further comprising: 
generating, by said skin segmentation module, histograms 

for one or more values of each pixel for each color space 
and comparing said histograms with updated skin tone 
boundaries. 
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